1. The changes in the metabolite content in the isolated perfused rat liver and in the perfusion medium were measured after loading the liver with glycerol or dihydroxyacetone. 2. Glycerol was rapidly taken up by livers from fed and starved rats; glucose, lactate and pyruvate were discharged into the medium. The [lactate]/[pyruvate] ratio in the medium rose from 10 to 30 and in the tissue from 9.6 to 36.6. 3. The most striking effects of glycerol loading were: (i) the accumulation in the liver of a-glycerophosphate, which increased from 0.13 to 8.45,mol/g at 40min; (ii) the decrease in the concentration of adenine nucleotides to 70% of the control value at 40min. 4. The Pi content of the tissue also fell, from 4.25 to 2.31 ,Lmol/g at 10min, but the sum of the phosphates measured rose from the normal value of 13.8 to 18.8,mol/g at 40min, because of an uptake of Pi from the medium. 5. Omission of phosphate from the standard perfusion medium increased the depletion of adenine nucleotides on glycerol loading. 6. Dihydroxyacetone was more rapidly metabolized than glycerol. Again glucose, lactate and pyruvate were the main products. The [lactate]/[pyruvate] ratio remained below 10. 7. Dihydroxyacetone caused an increase of the fructose 1-phosphate content from 0.23 to 0.39,umol/g at 10min. The adenine nucleotide content of the tissue was not significantly decreased by dihydroxyacetone loading. 8. The rate of removal of both glycerol and dihydroxyacetone was about 60% greater in the livers from fed than in those from starved animals. 9. The results extend previous findings by Burch et al. (1970), who administered glycerol and dihydroxyacetone intraperitoneally.
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When the liver is loaded with fructose the sum of the concentrations of the adenine nucleotides in the tissue rapidly falls (Maenpaa et al., 1968; Raivio et al., 1969; Burch et al., 1969; . This depletion of adenine nucleotides is connected with the high rate of phosphorylation of fructose, which causes a rapid decrease in the concentrations of ATP and of P1. Since ATP is an inhibitor of 5'-nucleotidase and Pi is an inhibitor of AMP deaminase, the decrease in the concentrations of ATP and Pi results in an increased rate of the reactions that cause an irreversible degradation of AMP.
The present work was primarily undertaken to test whether glycerol and dihydroxyacetone, which, like fructose, are rapidly phosphorylated in the liver, can cause similar changes in the adenine nucleotide content. Glycerol loading of the isolated perfused rat liver was found to have such effects whereas dihydroxyacetone loading did not. perfusion medium was as previously described , except in some experiments where a medium containing minimal amounts of Pi was needed. This was prepared by omitting the phosphate from the basal medium of Krebs & Henseleit (1932) , by dialysing the bovine albumin against a phosphate-free medium and by washing the erythrocytes five times with 10vol. of the phosphatefree Krebs & Henseleit (1932) medium. The only phosphate present in this medium was that contained in the washed erythrocytes and amounted to 0.5mM. The standard medium contained 1.92 (S.E.M. + 0.08)mM-P, (11 observations).
Analytical methods
The methods of freeze-clamping and extracting the livers, of sampling the medium and of determining metabolites were as described by Woods et al. (1970) . Glycerol and dihydroxyacetone were determined enzymically by the methods of Wieland (1963a,b) .
Results
Changes in the perfusion medium after loading with glycerol and dihydroxyacetone
The changes in the concentrations of metabolites in the perfusion medium are given in Table 1 and the rates derived from these results are shown in Table 2 . When 10mM-glycerol was added to the medium the rate of removal of glycerol by the liver of well-fed rats was approximately constant until the concentration of glycerol had fallen to below 1 mm. The main products appearing in the medium were glucose, lactate and pyruvate. The increments over the formation of these products in the control livers were less than the amounts ofglycerol removed (10.7,mol/ ml removed, 7.6,tmol of C3 equivalents/ml recovered after 120min). This calculation is based on the assumption that the added glycerol does not affect the formation of glucose, lactate and pyruvate from endogenous glycogen, and the discrepancy suggests that glycerol either decreases the degradation of glycogen or that some of the added glycerol is converted into glycogen.
The results obtained when dihydroxyacetone was added were very similar except that the rate of disappearance of the substrate was much more rapid; most of it had disappeared after 45min. After 120min the glucose concentration was the same as in the control to which no substrate had been added, and lactate and pyruvate were the only products the concentrations of which were elevated over those of the control. This again indicates that the added substrate alters the metabolism of liver glycogen.
With livers from starved rats, however, the rates of removal of glycerol and dihydroxyacetone were Content of intermediary metabolites in the freezeclamped perfused rat liver after dihydroxyacetone loading In contrast to glycerol, dihydroxyacetone caused no depletion of adenine nucleotides and no accumulation of phosphorylated intermediates (Table 5 ).
The small changes in the content of adenine nucleotides and Pi were of the same order as those found on aerobic perfusion of livers from well-fed rats when no substrate was added . There were small decreases in the contents of fructose 1,6-diphosphate, glucose 6-phosphate, fructose 6-phosphate, phosphoenolpyruvate and 2-phosphoglycerate. The content of fructose 1-phosphate rose somewhat as would be expected ifequilibrium existed in the fructose 1-phosphate aldolase (EC 4.1.2.7) system because of the increase in the content of dihydroxyacetone phosphate. There were small increases in the contents of 3-phosphoglycerate and a-glycerophosphate. The metabolite ratios shown in Table 5 were all of the order expected for equilibrium.
It is probable that the differences in the effects of glycerol and dihydroxyacetone on the content of the intermediary metabolites are connected with the rate of disposal of the primary product of glycerol and dihydroxyacetone metabolism. Both substances are phosphorylated, but whereas dihydroxyacetone phosphate can be readily disposed of by the reactions of gluconeogenesis and glycolysis, a-glycerophosphate requires dehydrogenation to the triose phosphate (1970) have described the loss of total adenine nucleotides after injecting intraperitoneally a large dose of glycerol. The experiments reported in the present paper show a depletion of hepatic adenine nucleotides on perfusion of the isolated liver with 10mM-glycerol. Thus glycerol has in this respect the same effect as fructose . A common characteristic of fructose and glycerol is the accumulation of a phosphorylated intermediate in the liver caused by the high activity of fructokinase and glycerokinase respectively. As discussed previously , a fall of the concentrations of ATP and of Pi leads to an activation of hepatic AMPdegrading enzymes and this causes a virtually irreversible loss of AMP through the formation of IMP and adenosine. Dihydroxyacetone loading did not lead to depletion of adenine nucleotides or to a formation of phosphorylated intermediates. Xylitol, on the other hand, can also cause an accumulation of axglycerophosphate (up to 12mM) and a depletion of hepatic adenine nucleotides (Woods, 1972) .
Accumulation of a-glycerophosphate
The accumulation of a-glycerophosphate to concentrations of 8.5 mm after glycerol loading indicates that the formation of a-glycerophosphate is more rapid than is dehydrogenation. This is somewhat unexpected, because the activity of hepatic xglycerophosphate dehydrogenase is higher under the assay conditions than that of glycerokinase (Burch et al., 1970) , and the Km value of ac-glycerophosphate dehydrogenase for ax-glycerophosphate is about 0.1mmm (Young & Pace, 1958; van Eys et al., 1959) . However, the assay conditions are very different from the physiological conditions and the assay was carried out in the direction of a-glycerophosphate formation.
According to Burch et al. (1970) the hepatic accumulation of a-glycerophosphate is increased when rats are kept on a riboflavin-deficient diet, i.e. when the activity of the mitochondrial (flavin-linked) a-glycerophosphate dehydrogenase is decreased to about 25 % of the normal value. On the other hand, administration of tri-iodothyronine, which increases mitochondrial ac-glycerophosphate dehydrogenase activity (Lee & Lardy, 1965) , prevents an accumulation of a-glycerophosphate on glycerol loading (Williamson et al., 1969) . These observations support the view (Burch et al., 1970) that under physiological conditions a major part of the a-glycerophosphate arising from glycerol is oxidized by the mitochondrial a-glycerophosphate dehydrogenase. This does not apply to all conditions (see Williamson et al., 1971; Carnicero et al., 1972) .
